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(57)Abstract: 

PROBLEM TO BE SOLVED: To reliably capture only 
harmful scratches, accurately and rapidly specify 
photograph the reinspection positions of ultrasonic 
flaw detection and photograph locations in X-ray 
photographing, improve production efficiency, reduce 
costs, or the like, accurately and reliably detect 
harmful scratches over an entire section of the 
welded section by less number of ultrasonic probes, 
reduce facility costs, and reduce adjustment time 
when the dimensions of a steel pipe are changed in 
the ultrasonic flaw detection of the welded section of 
a welded steel pipe. 

SOLUTION: The welded section 2 of a welded steel 
pipe 1 is pinched for opposingly installing ultrasonic 
probes 3, 3. Ultrasonic probes 4, 4 are opposingly installed directly above the welded 
section 2. When a signal is detected by one of a pair of probes and by both of a pair of 
probes, the signal is judged to be from a welding shape and it is judged that there are 
scratches, respectively, and erroneous detection due to. welding shape failure is reduced. 
When scratches are detected, an alarm is outputted, output is made to a recording paper, 
flaw is detected again, marking in a peripheral direction straddling the welded section is 
executed, and X-ray photographing is executed. The ultrasonic probe capable of varying 
the angle of refraction is used, thus reducing facility costs and the like. 




LEGAL STATUS 

http://wwwl9.ipdl.jpo.go.jp/PAl/result/detaiI/main/wAAA4oayQcDA415322643Pl.h... 25/08/2004 



Machine Translation of JP 2003-322643 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is the quality inspection approach of the welded steel pipe weld 
zone by the ultrasonic crack inspect, and relates to the judgment approach of a flaw that the flaw which 
is inherent in a welded steel pipe weld zone can be inspected with an efficiently and sufficient 
precision. 
[0002] 

[Description of the Prior Art] In weld zones, such as a welded steel pipe, various flaws occur according 
to a welding process or conditions, and it becomes the cause of the debasement of a weld zone at them. 
For this reason, nondestructive inspection using an X-ray or a supersonic wave is conducted. An X-ray 
can detect punctiform flaws, such as a pinhole and a slag inclusion, easily, and there are many 
inspection track records, and its facility cost is [ its efficiency is low and ] also high. Furthermore, there 
is also a problem of the safety of having to manage a radiation strictly. On the other hand, an ultrasonic 
crack inspect is an approach suitable for detecting field-like flaws, such as a crack flaw and lack of 
fusion, and since X-ray inspection is excelled also from the field of inspection efficiency, facility cost, 
and safety, it is bearing inspection of the whole weld zone surface except for several 10mm of both the 
tubing edge. 

[0003] For this reason, with the submerged-arc-welding (SAW) steel pipe, after performing an 
ultrasonic crack inspect, the X-ray inspection only of the part and both the tubing edge which were 
judged by the supersonic wave to be those with a flaw is carried out, as indicated by the 5.2 UOE steel 
pipe (pp.95- 100) of "the ultrasonic method (volume on steel-founders-society-of-America quality 
control committee (NDI section)) of a welded steel pipe" (1999 February 22 issue). When a harmful 
flaw is detected in this ultrasonic crack inspect and X-ray inspection, the flaw section is removed by 
performing welding repair or cutting. Furthermore, the part which carried out welding repair is 
rechecked by X-ray inspection or the pan with an ultrasonic crack inspect after repair. 
[0004] As an example, the outline of the ultrasomc-crack-inspect approach in the production process of 
a SAW steel pipe is described below. 1.4 UOE steel pipe of the above-mentioned "ultrasonic method of 
a welded steel pipe" (pp.5-8) The steel plate which is the material by which the ultrasonic inspection 
was carried out is fabricated in the shape of tubing with U press, O press, etc. as indicated, next, tubing 
— comparing — the section - tack weld — it is inside-welded and outside welding is carried out. In this 
way, as for the manufactured steel pipe, the ultrasonic examination of a weld zone and an X-ray 
radiographic inspection are carried out as an in-process inspection. Then, while expanding and making 
a predetermined outer diameter, roundness and a straightness are prepared and the ultrasonic 
examination of a weld zone and an X-ray radiographic inspection are carried out like an in-process 
inspection as a final inspection after a hydraulic test. Moreover, rectilinear-propagation delivery by the 
chain conveyor and hoop direction delivery by the kicker are used for the steel pipe conveyance 
approach between each process. 

[0005] The ultrasonic test equipment used for weld zone inspection of such a SAW steel pipe arranges 
two or more angle probes the object for steel pipe inside flaws, and for steel pipe external surface flaws 
(transceiver probe) about each of the flaw (henceforth a lengthwise direction flaw) extended to the 
shaft orientations of a steel pipe, and the flaw (henceforth, longitudinal direction flaw) extended to the 
hoop direction of a steel pipe, and it is devised so that it may detect without overlooking various flaws 
generated in a weld zone (refer to drawing 8 ). . 

[0006] Moreover, the approach of carrying out flaw detection is taken, carrying out straight-line 
conveyance of the steel pipe, monitoring the weld zone of a steel pipe continuously, detecting the gap 
from right above this steel pipe weld zone, and enabling it to always arrange the above-mentioned 
probe group from a weld zone to a position as online flaw detection is indicated by JP,5 1-39555,B. 
Here, the detection approach of a welding location contacted the detection needle of a contact process 
on both sides of a weld zone, and has detected the amount of gaps according to the difference of both 
amount of displacement. However, if a steel pipe is not a perfect circle by this approach, there is a 
problem that exact detection cannot be performed and, recently, the vortex type or the optical weld 
zone detector is used. 

[0007] In order to avoid overlooking of a flaw in the case of such online flaw detection, the ultrasonic 
signal which the above-mentioned probe group transmits and receives in each location of a steel pipe 
longitudinal direction needs to cover all weld zone cross sections. The ultrasonic signal transmitted and 
received by the ultrasound probe spreads the inside of an ingredient, spreading in the angle of beam 



spread specified by the flaw detection frequency, the diameter of vibrator, etc. When the case of the 
angle probe for lengthwise direction flaws in general K form arrangement is illustrated, it is drawing 9 
(a). It becomes like. Here, in two probes of the outside flaw of a steel pipe weld zone, and an inside 
flaw aim, the ultrasonic signal strength of a weld zone center section becomes weak, and flaw 
detectivity falls. This inclination becomes remarkable as heavy-gage material. Therefore, it is drawing 
9 (b) especially at the time of heavy-gage material. It uses that travelling distance follows on becoming 
long and an ultrasonic signal is spread so that it may be shown. 
[0008] 

[Problem(s) to be Solved by the Invention] The following technical problems occur by the above 
quality inspection approaches of the conventional welded steel pipe. If sensibility is first set especially 
as the 1st in the ultrasonic inspection in middle at slight height in order to catch a hannful flaw 
certainly, the incorrect detection by the defect of shape of a weld zone etc. will occur frequently. For 
this reason, the count of re-flaw detection increases and productive efficiency falls. On the contrary, 
although what is necessary is to be unable to catch a harmful flaw certainly but to just be detected by 
the final inspection, if sensibility is set up lowness, when the worst, the product will be shipped and it 
becomes a very big problem on quality control of a weld zone. 

[0009] Moreover, the serious fault of the judgment approach of the existence of the conventional flaw 
is described. Although the weld zone of a flaw detection steel pipe is the configuration of abbreviation 
regularity when it sees by the radial cutting plane of a steel pipe, a configuration may collapse 
remarkably rarely. Although it will be based also on that configuration if incidence of the supersonic 
wave is carried out to the weld zone of this defect of shape, it is drawing 5 (a). An echo may reflect and 
it will incorrect-detect with those with a flaw in this case as if the flaw existed in that location so that it 
might be shown. Since it had judged with those with a flaw by the conventional flaw detection 
approach when there was at least one reflective echo of two or more probes, there is very much 
frequency where a welding defect of shape is incorrect-detected. 

[0010] To the 2nd, in two probes of the outside flaw of a steel pipe weld zone, and an inside flaw aim 
Drawing 9 (a) The ultrasonic beam reinforcement of a weld zone center section becomes weak, and 
flaw detectivity falls so that it may be shown, and it is drawing 9 (b). So that it may be shown Since the 
ultrasonic signal strength per unit area falls in proportion to travelling distance serving as size when 
using that travelling distance follows on becoming long and an ultrasonic signal is spread especially in 
heavy-gage material, The reflective echo reinforcement from a flaw also falls, and when the worst, 
there is risk of a flaw echo being buried in a noise signal. Furthermore, when a steel pipe dimension is 
changed, since there are many probes, and since it is necessary to change a set location, there is a 
problem that adjustment takes time amount. 

[001 1] When it is judged [ 3rd ] with those with a flaw with an ultrasonic crack inspect, an inspector 
does not notice but it may be shipped, without being rechecked. 

[0012] The part judged [ 4th ] with the ultrasonic crack inspect to be those with a flaw is rechecked 
with a manual ultrasonic crack inspect. However, working efficiency is very bad if the location of a 
flaw is again looked for with manual flaw detection equipment. Therefore, it is necessary to record the 
flaw generating location correctly and to make it stop according to the inspection location of manual 
ultrasonic test equipment. 

[0013] It is about marking of the location judged by the 5th to be those with a flaw. Marking was 
conventionally carried out on the outskirts of a weld zone of a steel pipe partially. However, since it 
conveys rolling a steel pipe from an ultrasonic examination process to an X-ray inspection process, 
when the weld zone is not always the upper part when an X-ray inspection process is reached and it has 
become the lower part, discovering marking will take great time amount. 

[0014] This invention is what was made that the above technical problems should be solved. The 
purpose On the occasion of the ultrasonic crack inspect of a welded steel pipe weld zone, only harmful 
flaws including heavy-gage material can be caught certainly. Moreover, the reexamination location of 
an ultrasonic crack inspect or the photography part at the time of roentgenography can be pinpointed 
quickly correctly. While being able to aim at improvement in productive efficiency, reduction of cost, 
etc., being able to detect a hannful flaw with a sufficient precision certainly over all weld zone cross 
sections by a number still smaller than before of ultrasound probes and also being able to reduce 
facility cost It is in offering the quality inspection approach of a welded steel pipe weld zone which can 
also shorten adjustment time amount when a steel pipe dimension is changed. 
[0015] 

[Means for Solving the Problem] Claim 1 of this invention is the quality inspection approach of the 
welded steel pipe weld zone which carries out flaw detection of the weld zone of a welded steel pipe by 
two or more ultrasound probes, and is characterized by judging with those with a flaw when the 
reflective signal of the supersonic wave which are two or more ultrasound probes among said 



ultrasound probes, and carried out incidence to the weld zone in the approach of inspecting the quality 
of a weld zone is received. 

[0016] This claim 1 by general K form arrangement, X form arrangement, etc. which are shown in the 
arrangement shown in drawing 1 of an ultrasound probe, or drawing 8 The lengthwise direction flaw 
extended to the shaft orientations of a welded steel pipe, the longitudinal direction flaw extended to the 
hoop direction of a welded steel pipe, Or the ultrasound probe by which is the case where flaw 
detection of the spherical flaw of a pinhole etc. is carried out, and opposite arrangement was carried 
out, For example, when the ultrasound probe of a pair receives a reflective signal to steel pipe shaft 
orientations right above [ of a pair / the ultrasound probe or right above / weld zone ] on both sides of a 
weld zone in a steel pipe hoop direction at 2 coincidence, it judges with those with a flaw. When the 
ultrasound probe by which opposite arrangement is carried out also has three or more cases and it 
receives to coincidence or more by three, it may judge with those with a flaw. 

[0017] According to this claim 1, it is drawing 5 (a). When an ultrasonic signal is detected only by one 
ultrasound probe so that it may be shown, it judges with the reflective signal from the configuration of 
a weld zone, and it is drawing 5 (b). Only when an ultrasonic signal is detected by two or more 
ultrasound probes so that it may be shown, it can judge with those with a flaw and incorrect detection 
of a welding defect of shape can be reduced sharply. By reducing incorrect detection, the quality of a 
weld zone can be raised by productive efficiency's improving, and being able to aim at reduction of 
cost, and catching a harmful flaw certainly. 

[0018] Claim 2 of this invention is the quality inspection approach of the welded steel pipe weld zone 
characterized by an ultrasound probe using the ultrasound probe which can carry out flaw detection 
with the angle of refraction from which plurality differs in the quality inspection approach according to 
claim 1. 

[0019] This claim 2 is the case where the angle-of-refraction adjustable ultrasound probe which can 
carry out flaw detection with the angle of refraction from which the plurality other than the ultrasound 
probe of an ordinary type differs is used. After two or more ultrasonic vibrators are arranged on a 
convex surface, excite a certain trembler groups of a fixed number of to coincidence among this 
ultrasonic vibrator group and transmit and receive an ultrasonic beam by that trembler group, the array- 
type (trembler group) ultrasound probe which consisted of changing this trembler group one by one at 
the predetermined spacing, and scanning it so that whenever [ incident angle / of an ultrasonic beam ] 
might be changed can be used for a this angle-of-refraction adjustable ultrasound probe. Moreover, on 
the rust which usually goes away, two or more ultrasonic vibrators with which whenever [ incident 
angle / of not only this but an ultrasonic beam ] differ can be arranged, and can also be constituted. In 
this invention, only the ultrasound probe of an ordinary type may be used, only an angle-of-refraction 
adjustable ultrasound probe may be used, and you may use combining both. Moreover, the ultrasound 
probe of the ordinary type arranged in right above [ weld zone ] can also be used for detection of a 
longitudinal direction flaw. 

[0020] According to this claim 2, since theta is [ whenever / angle-of-refraction / of an ultrasonic beam 
] changeable by changing the selection ultrasonic vibrator of the set-up predetermined number one by 
one as shown in drawing 3 , an array-type ultrasound probe becomes possible [ detecting certainly the 
inside of an inspected material weld zone, external surface, a lengthwise direction flaw, a longitudinal 
direction flaw of a mid gear, etc. by one ultrasound probe ], for example. Moreover, by transrnitting 
and receiving an ultrasonic beam from right above a weld zone to a weld zone longitudinal direction, 
when the ultrasound probe of an ordinary type is arranged in right above [ weld zone ], as shown in 
drawing 4 , it becomes possible to detect certainly the inside of an inspected material weld zone, 
external surface, and the longitudinal direction flaw of a mid gear by one ultrasound probe. 
Conventionally, to being needed for the both sides of a weld zone a total of the object for steel pipe 
external surface flaws, and for [ eight ] steel pipe inside flaws in the ultrasound probe the object for 
lengthwise direction flaw detection, and for longitudinal direction flaw detection, in said example of 
this invention, a total of four ultrasound probes the object for lengthwise direction flaw detection and 
for longitudinal direction flaw detection are sufficient, the number of ultrasound probes can be 
lessened, facility cost can be reduced, and setting time can be shortened. Furthermore, since there are 
few ultrasound probes, and since the ultrasonic beam of whenever [ angle-of-refraction / of arbitration ] 
can be easily obtained when it is an angle-of-refraction adjustable ultrasound probe, even if a steel pipe 
dimension is changed, it can respond in a short time very easily. 

[0021] Moreover, by using for an array-type ultrasound probe the ultrasound probe which operates a 
certain vibrator groups of a fixed number of of the ultrasonic vibrator groups arranged on the convex 
surface of an abbreviation sector wedge on a sequential selection target, the ultrasonic beam of 
whenever [ angle-of-refraction / of arbitration ] can be obtained easily, and the flaw of all weld zone 
cross sections can be certainly detected with a sufficient precision. Moreover, by using an abbreviation 



sector wedge, area of the ultrasonic passage section can be made small, and the sensibility fall by the 
curved-surface configuration of a test surface can be made small, and a local submersion holder 
dimension can be made small. 

[0022] Moreover, if two or more ultrasound probes are arranged on both sides of a weld zone, and if it 
arranges right above [ weld zone / two or more ], the flaw of all weld zone cross sections can be 
detected more certainly. 

[0023] Furthermore, by shifting and arranging the ultrasound probe of a Uichi Hidan pair of the 
direction of a right angle in a weld zone longitudinal direction on both sides of a weld zone, shifting 
more than the dimension of this ultrasound probe, and arranging preferably, it cannot interfere, even if 
it transmits a supersonic wave to coincidence, and the a^rnitting repeat rate of the supersonic wave 
per piece can be gathered, and the welded steel pipe conveyed at high speed also enables it to detect 
certainly the lengthwise direction flaw of all weld zone cross sections. 

[0024] Claim 3 of this invention is the quality inspection approach of the welded steel pipe weld zone 
characterized by judging with those with a flaw, when the reflective signal of the supersonic wave 
which used the ultrasound probe which carries out flaw detection of the weld zone of a welded steel 
pipe by two or more ultrasound probes, and can carry out flaw detection in the approach of inspecting 
the quality of a weld zone, with the angle of refraction from which plurality differs, and carried out 
incidence with two or more angle of refraction is received. 

[0025] This claim 3 is the case where the angle-of-refraction adjustable ultrasound probe which can 
carry out flaw detection with the angle of refraction from which plurality differs is used, and when 
angle of refraction is changed, flaw detection is performed and the reflective signal of a supersonic 
wave is detected with two or more angle of refraction, it judges with those with a flaw. According to 
this claim 3, a harmful flaw can be detected by one ultrasound probe, without incorrect-detecting a 
welding defect of shape. 

[0026] In the approach of claim 4 of this invention carrying out flaw detection of the weld zone of a 
welded steel pipe by two or more ultrasound probes, and inspecting the quality of a weld zone, the 
direction which transmits and receives a supersonic wave from an ultrasound probe The direction 
which had a predetermined include angle to the direction of a right angle, and the welded steel pipe 
longitudinal direction to the welded steel pipe longitudmal direction, It is a 2-way of the directions in 
alignment with the welded steel pipe longitudinal direction in right above a weld zone at least, and 
when the reflective signal of a supersonic wave is received by two or more ultrasound probes in each of 
this direction, it is the quality inspection approach of the welded steel pipe weld zone characterized by 
judging with those with a flaw. 

[0027] This claim 4 is the case where it enables it to detect all the spherical flaws of a lengthwise 
direction flaw, a longitudinal direction flaw, a pinhole, etc. by transrnitting and receiving a supersonic 
wave from a 2-way at least like general K form arrangement and X form arrangement which are shown 
in the arrangement shown in drawing 1 of an ultrasound probe, or drawing 8 . In each direction, when 
the ultrasound probe of a pair receives a reflective signal to 2 coincidence, it judges with those with a 
flaw. According to this claim 4, it can detect certainly, without incorrect-detecting all the spherical 
flaws of the lengthwise direction flaw of a weld zone, a longitudinal direction flaw, a pinhole, etc. 
[0028] Claim 5 of this invention is the quality inspection approach of the welded steel pipe weld zone 
characterized by carrying out flaw detection of the weld zone of a welded steel pipe by two or more 
ultrasound probes, teaching that the flaw was detected by the inspector with the alarm when a signal 
was detected by each ultrasound probe in the approach of inspecting the quality of a weld zone, 
stopping the detection location in a re-flaw detection location, and checking a flaw by reexarnination. 
[0029] This claim 5 is drawing 6 (a), when a signal is detected by each ultrasound probe. It is the case 
where tell an inspector by alarms (a buzzer, lamp, etc.), and an inspector operates a steel pipe 
conveyance control unit, and stops that detection location in a re-flaw detection location, and it 
rechecks with manual examination equipment etc. so that it may be shown. According to this claim 4, 
when judged with those with a flaw, an inspector can abolish the situation where do not notice but it is 
shipped, without being rechecked. 

[0030] Claim 6 of this invention is the quality inspection approach of the welded steel pipe weld zone 
characterized by carrying out flaw detection of the weld zone of a welded steel pipe by two or more 
ultrasound probes, being making the result of having detected the signal by each ultrasound probe 
output to a recorder chart in the approach of inspecting the quality of a weld zone, teaching that the 
flaw was detected by the inspector, stopping the detection location in a re-flaw detection location, and 
checking a flaw by reexamination. 

[0031] This claim 6 is the case where enable it to check whether the signal has been detected by two or 
more ultrasound probes, grasp a flaw generating location correctly further, and an inspector enables it 
to make it stop correctly in a re-flaw detection location by making a detection result output to a 



recorder chart between a detection location and a re-flaw detection location. According to this claim 6, 
the time and effort of looking for a re-flaw detection location can be saved, and working efficiency can 
be raised. . 

[0032] In addition, if a signal is detected not only by above-mentioned claims 5 or 6 but by two or 
more ultrasound probes, it can judge with those with a flaw automatically, the tracking of the detection 
location can be carried out, and it can also be made to stop automatically in this invention in a re-flaw 
detection location. 

[0033] Claim 7 of this invention is the quality inspection approach of the welded steel pipe weld zone 
characterized by carrying out flaw detection of the weld zone of a welded steel pipe by two or more 
ultrasound probes, performing marking to a flaw detection location when the flaw of a weld zone is 
detected in the approach of inspecting the quality of a weld zone, and rechecking this marking location. 
[0034] This claim 7 is the case where roentgenography of the marking is performed and carried out, 
when the signal more than predetermined level is detected in an above re-flaw detection location in the 
location in a weld zone. According to this claim 7, reexamination parts, such as a roentgenography 
part, can be easily discovered quickly by performing marking. 

[0035] Claim 8 of this invention is the quality inspection approach of the welded steel pipe weld zone 
characterized by carrying out marking to a line in a steel pipe hoop direction ranging over a weld zone 
in the quality inspection approach according to claim 7. 

[0036] In this claim 8, it is desirable to carry out marking to a line for 1/4 yen or more ranging over a 
weld zone. While a steel pipe roUs from an ultrasonic examination process to an X-ray inspection 
process, even when it is conveyed according to this claim 8, even if it sees from which direction by 
carrying out marking long enough ranging over a weld zone, reexamination parts, such as a 
roentgenography part, can be pinpointed easily and working efficiency can be raised. 
[0037] 

[Embodiment of the Invention] Hereafter, it explains to a detail based on 1 operation gestalt illustrating 
this invention. This operation gestalt is the example which applied this invention to the ultrasonic crack 
inspect of the weld zone of straight seam major-diameter welded steel pipes, such as a UOE steel pipe. 
Drawing 1 and drawing 2 show one example of the ultrasonic test equipment used by this invention. 
Drawing 3 shows one example of the ultrasound probe for lengthwise direction flaw detection used by 
this invention, and drawing 4 shows one example of the ultrasound probe for longitudinal direction 
flaw detection used by this invention. 

[0038] In drawing 1 and the operation gestalt of drawing 2 ultrasonic test equipment It is installed 
mainly on the steel pipe external surface in the side of the weld zone 2 of a welded steel pipe 1. The 
array-type (vibrator group) ultrasound probe 3 which transmits and receives a supersonic wave in the 
direction C of a right angle of the longitudinal direction L of a weld zone 2, and detects the lengthwise 
direction flaw of a weld zone 2 (transceiver type angle probe), It is installed in right above [ of a weld 
zone 2 ], and consists of ordinary type ultrasound probes (transceiver type angle probe) 4 which 
transmit and receive a supersonic wave to the longitudinal direction L of a weld zone 2, and detect the 
longitudinal direction flaw of a weld zone 2. 

[0039] Termination of inside welding, outside welding, etc. carries out straight-line conveyance of the 
welded steel pipe 1 with a roller etc. On such conveyance Rhine, the gate type stands 5 and 6 are set in 
the conveyance direction, and predetermined spacing is installed, it attaches so that the up beam of the 
gate type stand 5 may be countered on both sides of a weld zone 2 in the array-type ultrasound probe 3, 
the ordinary type ultrasound probe 4 is set on the up beam of the gate type stand 6, and spacing is set to 
the longimdinal direction of a weld zone 2, and it attaches so that it may counter. 
[0040] As the array-type ultrasound probe 3 for lengthwise direction flaw (vertical crack) detection is 
shown in drawing 3 , it consists of ultrasonic vibrator groups 1 1 which consist of a wedge 10 of 
abbreviation sectors, such as the shape of a semicircle, and an ultrasonic vibrator 12 of a large number 
arranged on the radii top face of this sector wedge 10 by side view, a supersonic wave is sent from each 
ultrasonic vibrator 12, incidence of the supersonic wave is carried out to inspected material through the 
sector wedge 10, and a reflected wave is received. An ultrasonic vibrator 12 is a trembler of the shape 
of a rod long to a weld zone longitudinal direction, and piezoelectric transducers, such as niobic acid 
lead system porcelain, lead titanate system porcelain, and lithium-niobate system porcelain, are used. 
The sector wedge 10 is the cylinder of the abbreviation cross section for 1/4 yen long to a weld zone 
longitudinal direction, and acrylic resin, polystyrene resin, etc. are used. 

[0041] In such an array-type ultrasound probe 3, after exciting the ultrasonic vibrator group of a certain 
fixed numbers (k pieces) to coincidence among n ultrasonic vibrator groups 1 1 and transmitting and 
receiving a supersonic wave by that vibrator group, theta is [ whenever / angle-of-refraction / of a 
directive ultrasonic beam / (whenever / incident angle /) ] changeable into arbitration by changing this 
vibrator group one by one at the predetermined spacing, and scanning it. It enables this to detect the 



lengthwise direction flaw 8 generated in the inside of the weld zone 2 of inspected material, external 
surface, and a mid gear by one probe. Moreover, by using the sector wedge 10, area of the ultrasonic 
passage section can be made small, and the sensibility fall by the curved-surface configuration of a test 
surface becomes small, and a local submersion holder dimension can be made small. 
[0042] This array-type ultrasound probe 3 enables it to perform more positive flaw detection as usual 
by arranging by the Uichi Hidari pair on both sides of a weld zone 2, as shown in drawing 1 . In this 
case, as shown in drawing 2 , even if it shifts more than the dimension of an ultrasonic vibrator 12 to 
the longitudinal direction of a weld zone 2, and it arranges the array-type ultrasound probes 3 A and 3B 
of a right-and-left pair to it and they transmit a supersonic wave to coincidence, he is trying not to 
interfere in them. 

[0043] As the ordinary type ultrasound probe 4 for longitudinal direction flaw (transversal crack) 
detection is shown in drawing 4 , it is the probe which consists of a wedge 20 of an abbreviation 
rectangular parallelepiped configuration, and a circular ultrasonic vibrator 21 and which is generally 
used, and incidence of the supersonic wave sent from the ultrasonic vibrator 21 is carried out to 
inspected material through a wedge 20, and a reflected wave is received. Like [ this ordinary type 
ultrasound probe 4 ] an array type, piezoelectric transducers, such as niobic acid lead system porcelain, 
lead titanate system porcelain, and lithium-niobate system porcelain, are used for an ultrasonic vibrator 
21, and acrylic resin, polystyrene resin, etc. are used for a wedge 20. 

[0044] By carrying out incidence of the supersonic wave from right above [ of a weld zone 2 ] using 
such an ordinary type ultrasound probe 4, it becomes possible to detect the longitudinal direction flaw 9 
generated in the inside of the weld zone 2 of inspected material, external surface, and a mid gear by one 
probe. In addition, two-piece opposite installation is carried out and it enables it to perform more 
positive flaw detection to the longitudinal direction of a weld zone 2 also in this case. 
[0045] As shown in drawing 2 , ******** connection of each pulsar receiver 3 1 of the pulsar receiver 
group 30 is made, and an adder 32, amplifier 33, and the flaw evaluation machine 34 are connected to 
each ultrasonic vibrator 12 of the array-type ultrasound probe 3 for lengthwise direction flaw detection 
in order at this pulsar receiver group 30. 

[0046] The ultrasonic vibrator group which makes one group the ultrasonic vibrator 12 of the 
predetermined number (k pieces) beforehand set up by the controller whenever [ angle-of-refraction / 
which is not illustrated ] is chosen, and an ultrasonic signal is transmitted to inspected material through 
the sector wedge 10 by impressing a transmitted electrical potential difference with the pulsar receiver 
3 1 corresponding to these. 

[0047] On the other hand, reception of a flaw echo etc. is performed by the following procedures. After 
the signal received by each ultrasonic vibrator 12 is inputted into the pulsar receiver group 30, it is 
added with an adder 32. Next, comparing with the threshold beforehand decided in the flaw evaluation 
machine 34 estimates the existence of a flaw after magnification predetermined with amplifier 33. 
[0048] By carrying out the sequential change scan of the selection ultrasonic vibrator group (k pieces) 
which contributes to ultrasonic signal formation at intervals of predetermined, an ultrasonic signal is 
deflected and the flaw detection of all the cross sections of a weld zone 2 becomes possible. Although 
the example shown in drawing 3 shows signs that flaw detection of the steel pipe inside side is carried 
out with 0.5 skips, and signs that flaw detection of the steel pipe external surface side (probe 
installation side) is carried out with 1.0 skips, it is also possible to change an exposure location 
(whenever [ angle-of-refraction / theta ]) in the steel pipe thick direction multistage if needed, and to 
carry out flaw detection of all the weld zone cross sections. For example, a thick center section (0.75 
skip aim) is added to an inside-and-outside side aim. 

[0049] As a supersonic wave is transmitted and received with a pulsar receiver and vibrator and it is 
shown in drawing 2 , after magnification predetermined with amplifier 41, the ordinary type ultrasound 
probe 4 for longitudinal direction flaw detection is comparing with the threshold beforehand decided in 
the flaw evaluation machine 42, and evaluates the existence of a flaw. 

[0050] In the ultrasonic test equipment of the above configurations, it sets to this invention. For 
example, as shown in drawing 5 , when an ultrasonic signal is detected only by one array-type 
ultrasound probe 3B It judges with the reflective signal from the configuration of a weld zone 2 ( 
drawing 5 (a) and drawing 6 (b)). Only when it detects by two ultrasound probes 3 A and 3B, it judges 
with those with a flaw (those with a lengthwise direction flaw) ( drawing 5 (b) and drawing 6 (b)). . As 
shown in drawing 6 , the same is said of the case of the ordinary type ultrasound probe 4, and only 
when it detects by both ultrasound probes 4A and 4B, it judges with those with a flaw (those with a 
longitudinal direction flaw). Moreover, what is necessary is just to also judge spherical flaws, such as a 
pinhole, to be those with a flaw (those with a spherical flaw), as shown in drawing 6 when two 
ultrasound probes 3 A and 3B detect, or when two ultrasound probes 4A and 4B detect. Thereby, it 
becomes possible to decrease sharply the incorrect detection by the defect of shape of a weld zone 2. 



[0051] In addition, the above, although the direction which transmits and receives a supersonic wave 
from a probe illustrated the case of a welded steel pipe longitudinal direction as the direction of a right 
angle from right above [ weld zone ] to the welded steel pipe longitudinal direction, the direction which 
had a predetermined include angle to the welded steel pipe longitudinal direction is sufficient as it. It is 
certainly [ without incorrect detection of the arrangement shown in drawing 1 , general K form 
arrangement, X form arrangement shown in drawing 8 , etc. (lengthwise direction) flaws, longitudinal 
direction flaws, and all the spherical flaws ] detectable by arranging an ultrasound probe so that flaw 
detection can be carried out from a 2-way at least among these 3 directions. Moreover, the array-type 
ultrasound probe 3 or the ordinary type ultrasound probe 4 is sufficient as the ultrasound probe of three 
directions. What is necessary is just to be able to carry out flaw detection of the angle-of-refraction 
adjustable ultrasound probe not only with an array-type ultrasound probe but with the angle of 
refraction from which plurality differs. In addition, although what kind of combination is sufficient as 
whenever [ over the weld line in plane view / incident angle ], 60-90 degrees is preferably desirable 45- 
90 degrees. 

[0052] In addition, when the array-type ultrasound probe 3 is used and the reflective signal of the 
supersonic wave which carried out incidence with two or more angle of refraction is received, it can 
also judge with those with a flaw. A haraiful flaw can be detected without mcorrect-detecting a 
welding defect of shape by one ultrasound probe by judging with those with a flaw, when angle of 
refraction is changed, flaw detection is performed and the reflective signal of a supersonic wave is 
detected with two or more angle of refraction. 

[0053] Next, in this invention, as shown in drawing 2 , the alarm-output section 50, the recorder output 
section 51, the steel pipe conveyance control unit 52, and the steel pipe tachography section 53 are 
provided. If a signal is detected by each ultrasound probes 3 A, 3B, 4A, and 4B, as shown in drawing 6 , 
alarm appearance power point (lamp, buzzer, etc.) 50a of the location corresponding to each ultrasound 
probe of the alarm-output section 50 will output an alarm to real time. Even when the inspector is doing 
parallel operation of another activity by this, serious mistake of overlooking generating of a flaw and 
conveying a welded steel pipe at degree process can be prevented. 

[0054] Then, drawing 6 (a) A recorder output is carried out by recorder chart opening origin/datum 51a 
of the shown recorder output section 51, and it is drawing 6 (b). With the shown recorder chart, two or 
more things for which an ultrasound probe could not be carried out but the signal was detected are 
checked. Furthermore, drawing 6 (a) A welded steel pipe is stopped by the steel pipe conveyance 
control unit 52 in the re-flaw detection location 54, it rechecks with manual ultrasonic test equipment 
etc. in this re-flaw detection location 54, and a flaw is checked. An inspector does a recorder output in 
response to an alarm, an inspector may look at a recorder chart, and may stop a welded steel pipe, the 
bearer rate of a welded steel pipe may be measured in the steel pipe tachography section 53, the 
tracking of the flaw location may be carried out, and a recorder output and a halt of a welded steel pipe 
may be performed automatically. 

[0055] Next, when the signal more than predetermined level is detected by the above-mentioned 
manual ultrasonic crack inspect in the location in a weld zone, it is judged with the object for 
roentgenography, but by carrying out marking of the marking at this time ranging over a weld zone, 
even if it sees a welded steel pipe from which, a roentgenography part can be discovered easily. One 
example of the marking 60 is shown in drawing 7 . If marking of the 1/4 yen or more is carried out to a 
line at least ranging over a weld zone 2, while a welded steel pipe rolls from an ultrasonic-crack- 
inspect process to an X-ray inspection process, even if it is conveyed, a roentgenography part can be 
easily pinpointed from every direction of a welded steel pipe. 
[0056] 

[Example] The ultrasound probe ( drawing 3 , drawing 4 ) and ultrasonic test equipment ( drawing 2 ) 
which are shown below were used. The array-type ultrasound probe for lengthwise direction flaw 
detection arranges 32 ultrasonic vibrators (die-length [ of 1mm ] x width of face of 10mm) on the 
convex surface of the sector wedge made of acrylic resin (1/4 of a cylinder, curvature [ of 50mm ] x 
width of face of 15mm), a top-most-vertices side is the 1st CH, and a 90-degree side is the 32nd CH. 
The pulsar receiver group is connected to each ultrasonic vibrator. The vibrator group (16 pieces) 
which makes one group the vibrator of the predetermined number beforehand set up by the controller 
whenever [ angle-of-refraction ] is chosen, and an ultrasonic beam is transmitted into an ingredient 
through a sector wedge by impressing a transmitted electrical potential difference by the pulsar group. 
The ultrasonic vibrator with a diameter of 10mm was used for the usual form ultrasound probe for 
longitudinal direction flaw detection. Comparing with the threshold which transmitted the ultrasonic 
beam and was beforehand decided with the flaw evaluation vessel after predetermined magnification 
from the pulsar receiver estimated the existence of a signal. 

[0057] When the judgment and reexamination of a flaw by this invention were carried out with the 



above-mentioned ultrasonic test equipment, the result of Table 1 was obtained. Compared with the 
conventional approach, this invention can reduce a fault detection ratio, can reduce roentgenography 
part discovery time amount and dimension modification adjustment time amount, and can reduce 
facility cost so that clearly from this table 1 . It turns out that this invention is a very useful approach as 
the quality inspection approach of a welded steel pipe weld zone. 
[0058] 
[Table 1] 



[0059] In addition, although the above explained the straight seam major-diameter welded steel pipe, it 
cannot be overemphasized that this invention is applicable not only to this but the flaw detection of the 
weld zone of other welded steel pipes. 
[0060] 

[Effect of the Invention] (1) Since it judges with those with a flaw only when an ultrasonic signal is 
detected only by one ultrasound probe among two or more ultrasound probes, it judges with the 
reflective signal from the configuration of a weld zone and an ultrasonic signal is detected by two or 
more ultrasound probes, incorrect detection of a welding defect of shape can be reduced sharply. By 
reducing incorrect detection, the quality of a weld zone can be raised by productive efficiency's 
improving, and being able to aim at reduction of cost, and catching a harmful flaw certainly. 
[0061] (2) If the ultrasound probe of the ordinary type which could detect certainly the inside of a weld 
zone, external surface, a lengthwise direction flaw, a longitudinal direction flaw of a mid gear, etc. by 
one ultrasound probe, and will have been arranged right above a weld zone if angle-of-refraction 
adjustable ultrasound probes, such as an array type, were used is used, the inside of a weld zone, 
external surface, and the longitudinal direction flaw of a mid gear can be certainly detected by one 
ultrasound probe, and the number of ultrasound probes can be made fewer than before. Thereby, 
facility cost can be reduced and setting time can be shortened. Furthermore, since there are few 
ultrasound probes, and since the ultrasonic beam of whenever [ angle-of-refraction / of arbitration ] can 
be easily obtained in an angle-of-refraction adjustable ultrasound probe, even if a steel pipe dimension 
is changed, it can respond in a short time easily extremely, and a flaw detection activity can be done 
quickly. 

[0062] (3) a certain vibrator groups of a fixed number of of the ultrasonic vibrator groups arranged on 
the convex surface of a sector wedge - sequential - by using the array-type ultrasound probe operated 
alternatively, the ultrasonic beam of whenever [ angle-of-refraction / of arbitration ] can be obtained 
easily, and the flaw of all weld zone cross sections can be certainly detected with a sufficient precision. 
[0063] (4) By using a sector wedge for an array-type ultrasound probe, area of the ultrasonic passage 
section can be made small, and the sensibility fall by the curved-surface configuration of a test surface 
can be made small, and a local submersion holder dimension can be made small. 
[0064] (5) By arranging the array-type ultrasound probe for lengthwise direction flaw detection, and 
two or more ultrasound probes for longitudinal direction flaw detection, the flaw of all weld zone cross 
sections can be detected more certainly. 

[0065] (6) By shifting and arranging the ultrasound probe of a Uichi Hidari pair of the direction of a 
right angle in a weld zone longitudinal direction on both sides of a weld zone, shifting more than the 
dimension of this ultrasound probe, and arranging preferably, it cannot interfere, even if it transmits a 
supersonic wave to coincidence, and the ti^mitting repeat rate of the supersonic wave per piece can 
be gathered, and the welded steel pipe conveyed at high speed also enables it to detect certainly the 
lengthwise direction flaw of all weld zone cross sections. 

[0066] (7) A harmful flaw can be detected, without incorrect-detecting a welding defect of shape by 
one ultrasound probe by judging with those with a flaw, when angle of refraction is changed, flaw 
detection is performed using the angle-of-refraction adjustable ultrasound probe which can carry out 
flaw detection with the angle of refraction from which plurality differs and the reflective signal of a 
supersonic wave is detected with two or more angle of refraction. 

[0067] (8) It can detect certainly by [ of the directions which meet the direction of a right angle, the 
direction which had a predetermined include angle to the welded steel pipe longitudinal direction, and 



the welded steel pipe longitudinal direction in right above a weld zone to a welded steel pipe 
longitudinal direction in the direction which transmits and receives a supersonic wave from an 
ultrasound probe ] considering as a 2-way at least, without incorrect-detecting all the spherical flaws of 
a lengthwise direction flaw, a longitudinal direction flaw, a pinhole, etc. 

[0068] (9) By teaching that the flaw was detected by the inspector with the alarm, stopping the 
detection location in a re-flaw detection location, and checking a flaw by reexamination, when a signal 
is detected by each ultrasound probe, when judged with those with a flaw, an inspector can abolish the 
situation where do not notice but it is shipped, without being rechecked. 

[0069] (10) By making the result of having detected the signal by each ultrasound probe output to a 
recorder chart, by teaching that the flaw was detected by the inspector, stopping the detection location 
in a re-flaw detection location, and checking a flaw by reexamination, the time and effort of looking for 
a re-flaw detection location can be saved, and working efficiency can be raised. 
[0070] (1 1) When the flaw of a weld zone is detected, reexarnination parts, such as a roentgenography 
part, can be easily discovered quickly by performing marking to a flaw detection location and 
rechecking this marking location. 

[0071] (12) While a steel pipe rolls from an ultrasonic examination process to an X-ray inspection 
process by carrying out marking to a line in a steel pipe hoop direction ranging over a weld zone, even 
when it is conveyed, even if it sees from which direction, reexamination parts, such as a 
roentgenography part, can be pinpointed easily and working efficiency can be raised. 
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«K£9t£^K#r*^tti3nfcCi£Sc^U *© 

arc**. 

[0029] ccdi«*]®5 «. «Hif*«i*pcfir** 

ma-?Z>t. 06(a) jctjVTJ^k:, (:/D»~*>5 

[0030] *«W©8**B6 tt. i§88re©i8£8|5& 

S^g^l < g^SP©iSi«ifcE&^* s. 
[003 1 ] tt. tfctfttigiSSS&ffiB© 

.IHtMWUtt** U=»- f- h Ktli^StSC it? . 
2 o^±©je^^M^--C{f#£$:tti L/c* i* -5 

L . *fc3E* ASBfiimfeS'CiEfiiK: &± 3 « £ C i £ 
&CL/cti^-C£>£„ C©fS^6{C<tn«> 

Citf-C***. 

[003 2] ft*J. ±^©»*^5 */<:«: 

6 CCSS<E,-r. 2 o#±«M*«fiM*f--CflW*l*Urt : S 
i. iSttWKfljeO. *©*Wfl[iB* h * f 

^LTSSl«{agrSlb#±£t>:S C i fc-C**. 

[0033] ^rnxonxmi «. i§&sm©i§&si5£ 

*a(c*s^T. ^a5©*-T5r^»ibfcB#. a-ramta 
g(c-e-^>i/<&jgo> c©-7-*>y&g ; &wt^a^ 
s c i*#ss[i-rs?g^3^®a5©D D p^^aT* 

[0034] C©g»#JI7 «, mtf . fflB©H^S 
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{g-C^SgPF*3©&gCC^T5e U^il/tLb©*!^* 1 *^ 5 *l 
C©fjt#JS7{CJ;ti«\ v.-*>y*JWCir. Xifg 

ffiiJSHif^©^^©^ *s»K2SjaK»fi-r* c i a* 

[0 03 5] *^©t»*«8 ». fM3^7 &CfEtS©«& 

{cv-^>y-r5ci i -r zmwsmm&uos'n 
io [0036] c©it*f8ttt, mg^^-cmvuc 

. xiajfi^e^oinftsfiigr^gcciits-r * c t 

ifi-CS, f^^=£rS]±$-ti-4Ci*i-C€f-5»o 
[0037] 

mw<omm<DBi&) pat. ^mm^m^-r^-mmm 

«(C*-5t»r»ffl{Ctt9!-J-5. C©SlSfe?fc&5«. UOE 
20 i'©* h U— h ^- A*g?§igl8S©?§Jgg|J©ffi 

^&J^t;$f|Bj£®JBUctS-C«>£. HI. S2B, 
^HJT^ffl-r-SS^^^S© 1 F5^L,fcfe©r 

§3B. *^-c^-r-2.!HiWiai#-r^taffl©fi 
bfcfe©-c*-&„ 

[ 0 0 3 8 ] m 1 . 02 ©Hiffi^{C*jt,i-C > jB^SS 

«sigB. £iL/T. jg«aiei©«ssp2©fliwcc*s 
» z>m < g9ym±<>cwg. $ ti. ^^sb 2 ©g##isj l ©e 

7(Dmffl%f&*) 3i. jggSi52©ii:±tC^g3^. ^ 
Sgp 2 ©S^ISJ L (CjB«»!«S£Sflr br^SSP 2 ©8 

[0039] ^s^t 1 b. Pimmm • 

n®SSe5©±gPSB{cffi5>JS!fflW?S^ 
40 ft4-^3 5:?gga52?r^r»|Sj-r^J:^fcmWW. P^S 
6 ©iSP^CCjl^SiiB^SM^ 4 ?rSSSP 2 ©S 

[0040] «7wsi*-r ^tUffl©is?iiMe^ 

iiiCD<?O t 10<!:, C©^ff$< 3i>*l 0©PM±® 
(CiE^i3nfc^tSt©fi#iStiKi^- 1 2 iPhlZZ&g&M 

w&mi 1 i^e^sn. sssm^iaHa 

50 2tt. SSSWft^^lfiltcfit'WK©®*?-^*^. 
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ws&m<DK.'m!mfrttm^hiriz>. mw,< sen o«jg 

[oo4i] c<d£ *> KEwmm^msm+s 
x. nfflcwffifsaafrfa* 1 mz.\*$>z—7£ 

Avmmnm. (A&ras) e^mc^zcttuxt 
shim© <t z>mm.i$.Tffi>b ;*<&«). s fcJt 

[0042] C ©I^ISiS^&fclH 1 3 «. 01 ICt*? 
**kmhx feT^L <fc 5 tc urns. 

[0 04 3 ] 8t2>ft£-f (SSWn) ^WfflCDilS^jSW 
iHSSftB^tt. S4K^T<fc5K:. BgB73WfMK©< 3 
tf2 0 £PHB<»«*iS!S«W-2 1 frfcfcSHttKttJIS 

ft-ri^SfU&^-c&D. mw&mk=f-2 i*»6is{f<*ft 
sM*^ftsns. coasrMfi^&ssBH^fc. e?ij 

'J *0 A^&3gl£©JE 
^g«)-f 6ft. < 3 1>'2 0 KB. 7 9 0 
# ^ ^ o -;i/»Bi^*iffli<> 6ft £. 
[0044] C ©J: 5 ftafitffliBWSaW!^ £ffll>T: 
jg&SP 2 ©rJLh*» 6 a«6* Atf* Z C t K J: «3 . 
$#©ig&SS2 ©POT. fl-ffi. ttJ^agtc^-r-2>«* 

rsifr9 * l ocffttf-cfctHrsc i*^«6i%S„ 
[ 0 0 4 5 ] 0 2 fCTn-r J: -5 tc> 8t75rft#-r&tfiffl©13 

j^sa****!*?^ (D&m^mnb? 1 2 -row- 
-u^-^-af 3 (xo&'tjw- isis-/i3 i j&j-eti-e 

ft«M3ft> c©/*JHh-Ui'-><-W3 0KjD»g3 
2. WB83 3. §fW«3 4«K18Sntl,> 

s. 

[0 04 6 ] 0^L&OH^ftK»3StcJ: O^iSS 
Sft/d^lfc ( kffl) ©i&g&SBJH? l 2 % l o©SOV 

us/-^<- 3 i ic<t f) mfmmzwm? s t t 
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ftsft*. 

[0 047] — 2f. tfi3-f©5f«^<Dct -5 fc# 

jiretTftfts. ^ft^ftcati&Jiitt^ 1 2tcg<i3ft 
fcft-^-B, /^u-9--us/-/<sp3 occA2j<*ftfcf£. an 

^•T3<iS3 4(C*Jl»-C ; f«t>9i*r*Jl,^cfifflii:k 

[0048] ffiW&ft-^JSCtSr-^-r ^jS^ffl^j^Kl 
^8f (k{l) *Bijero»TJKKW9»Aj£3fr*-SC:& 
io r. awSMW&flftSss-tt. ^gP2©^»r®^S^^l 

{W)%i. ox+^yfSiftb'Ct^mT-^b-r^^ 
mm e > *%.z.x®mw.±mm z&mr-z c t «> pjf&r 

WEfflC^K:^)*^^ (0. 7 5** 

[0049] «^(Sj#T^affl©amsiBs^tei!^4 
it. tow- uis-rt-tmHt+te.* Ktmw&zm&fs 

20 l>. mZlCmfZ^lc. m§&4 l"C»He©«MB«. # 

CiT, ^T©W«t?r^li-r«». 
[0 05 0] J2Lh©J: ^^^fi£©S^jSBi«iSg^*s^ 
r» ^Bjicfcc^rti. tf|;U;£0 5K:^-r J^tc, l^ 
©ie^Me^^fl*^ 3 B r©#jB#«fS# ; &tfctti 
JS^B. ^fitgP2©^^6©J5S*(t^<J:* , J^L' (05 
(a) . 06(b) ) . 2-o©a#i&8$4 : ?-3A<i:3Brt& 

(0 5(b) . 06(b) ) . 06(C^-TJ:^{C. ji^Mfi 

4Ai4B-C^ttL/^^F©* > ?fW5 (m*r&I#-rW 

<)) ifi^-r-So t->*-;u3i©s£tK©tf-r*>. 

06^-r<fc^tC. 2o«Dfi#jfiaiM^3Ai3B*^ 
mbfcB# > 2-30jafWfljH 1 4Ai4B^ 

[0051] t(±«. aw^eiBWKsasafflr 

40 «Si3it±*^^1g^ < gS^^rSJ©^ ; Sr^b/c*5. 7§ 
fi^HeS^*l^(C>tt L -CffS©ft S?:}* -a tc^Xi> «£ 

t»„ cn63^rsi©^%^< i4>2^^e>a?^-cir 

a, 08(c^-r-«s^)^K7*-ABEa-? 3 X7*-Aie 
Hat*) . fiwrfii^-r. s^rsj^r. ^K#-r©^r?r 

50 -cmmLm2>t>o-e$>tnt£\,K ^cfc. ^atsicfcws 



XL 



JrC>*S, 45~90' . $?*L<«6 0~9 0' 

[0052] ti&ismgmm&frz vtcm 

[0 05 3] ^tc. ^lewra. 02(t7ivrJ:5K:. « 

fluaaauso. un-^m^gps i. smaaatsras 

3B. 4 A. 4B-C<t#*^a$n5<i: > 06 
K.7ntX.*)K.. ^UJ^8|55 0©Sg^&SSM^Kttl6 

XtVjtZtWZh. 20 
[0 0 5 4] iK^T. 06(a) KthT U 3 - 5 
l©ua-ir^f-HIWHMIi5 l aTU=i-*Htf7 
L. 06 Cb) «C^-TU3-^ + - 2-^fe(±©fi 

(C. 0 6 Ca) ©S£H»{£g 5 4 -CSfrerB&U&reSB 5 2 (c 
iOigg^mfcteitS-tt, C©SS^{4g5 4iC*st,vt 

# u a - +■ - h £mr ®mmw*:&± s *r *» <fc i> 
u ^essn-s"jgP5 3-c^s»«©j^ias^it9J 30 

[0055] ^«c. Mj£©#s&jffi^?&ssm-c\ 
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£„ -€-©"7-+>^6 0© 109*07 tCTjVT,, m£8?>2 
*»t»-C«tttC^>i5c < <t 1 /4 R«±-7-*> ?Tft 

9 ftrfe, ?§g^ ( »©i'©7?[S]^e>4>XiS 

[0 05 6] 

[HJiW] «T«cw*a*aaw(itf- (03. 04) tm 
mmmas. (02) *jair»fc. «#fii*"r«ttBffl©E 

13© 1/4. ft^5 Ommxifll 5 mm) ©OfflffljbK: 
S^^afH?- (§3 lmmxifll 0 mm) £3 2<IfHt§ 
0. nMB* 1CH, 9 0SIB^3 2 C Ht*5. 
S^©fi^jg3i«i^-{c^-;U-t»-- l/->-^-fif«3h 
t(,^. )S^S*iJ®lg5Cj:»5^AK«3n/cST^© 
1 olD^-^it^IW (16f)«I 

rtmsr&mmomis^^&f&friz. tuomm 

(DmW&MSh+zm^tc. /-our- us/--*- j: 

&r >fcHffi <t Jt^-r & c t -cm^oymm&wm u 
[0057] ±.m<om^mm^mci. k> . zzmic £ 
fie,nfc. c©m a>e>Bje>a>#«j:5K: > ##£bj«. ee 

[0 05 8] 

[an 



as 








1 5X@ft 


3 o%mm 




«3fclt 2/3 






S£3fcJ± 1/4 






$fe«t 1/2 





[0059] «±«^ hu-h u--j»*mmm 

[0 060 ] 

[^BJ©5!»*] (1) «»©iH#a*Slfrf<D9 1 1 ^©e 

^•ce^ff-^^ffiL/^©^. #-rwo tw^-rs 



56 



[0 06 1 ] (2) E5>M*©ffl»f flUWoaffSfflWiT- 



JP 2003-322643 



Page 8 of 1 1 



(8) 



13 



[0062] p) < $ vKDatiMttcmmistcB^ 
[006 3] (4) w&wssiBm&-Kn : &< zvzm 

#. ^ffi©ttffi^fc£*a^^*'J N 3 

*5-C * . * fcJSWMcjft* ^ *>tt&fc'.h S < 1" « C i ifi-C 

[0064] (5) «eyisi*-rttttiffl<oEWfflasffl»tt 20 
a-r s c t tc<t 0 . ?g&§fc£w®©# r* <t 0 w»c« 

[006 5] (6) j8SW*l*A/'Cieft*iai©fi*-«© 
[006 6] C7) «»©«ftSIB!)Tft'C»«L#*m*f 

[0 06 7] (8) a*isa»^*6iHff«*aBtflrri 

^^K»LTBfS©fc«*:t>ofc#fiK ?§«gP©* 
Jitctew &ttBMM^:£ffl<c& ^.^rsi© 5 $©4>tt < 40 
i^>2^r6]i-r?.CtCCJ:«3 > *8WGj*r. at&rtis 

[0 06 8] (9) *aS«fflS)l*?-"Ce-^*«M9lLfe«F. 
m&3.1fr-?. WBOE3*ir«:HflWSti4il.>9«il* 

[0 06 9] cuo»««aw* : f-'cfli****n^*** 50 
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[0070] cu)«&8is©&r**Bni/ft:is. #-r&tn 

{4SCCV-+> rifely. C©-?-*>:?{4g£ffife5t 

■r-5ciicj:o. Xiiaja^fii3f^©w«scfa0f*^{c 

[0 07 1 ] Cl2)iW»*l*lK«SSW*»lr»-C«SlttCC-T 

i«i*»6jir*». x«ja^a^©««a®i»r*^^Kii$ 

im i ] ^mm-cm^^m^iemm^<D-mmmm-c 
**). «a*i*©isttiia"e*4. 
[02] *%Hj-c , ffl^-sa^^«^s©a^^M^- 

[B 3 ] *»93"c«c>sisE*iai#rffl©s?ufflafFiS^ 

[B4] *jwirjsc»*fi3M**w©a*M*«* 

[05] *#aw«:j:«*rwse*s*w"rKffiiar* 

9. (a) B«fflH»©J^R=FA s &*ffll/W»^. Cb) «3E 
««c«B«M3l©*»^t:**. 
[0 6] ;fc#S0J3(cJ:£,SMWH:£ffi£*L;fc4>©^& 
<0. (a) ttKffi U-fT 9 h©tPS¥IiH. Cb) Bl/3- 

[0 7] *«9!«:*jW*«S«l«©v-«lr>y©-«* 

^-r#«i0-ca>s. 

[0 8] — jKwuttamiiTBBSw-rTfflia-c**. 
[09] ca) *a^r&it-r^taffl©as»^-©segi-e©a 

.«iftt-A©fiaW«Bi*^ , J1WBBH. cw 

^x. teitwriai * -r«ifcBffl©^4^©ies i ^-©a$$ t* 
-A©eaa^«j*^-r»iffi0^*s. 

[flF4©IMI!] 
1 

i ohm*< 2& 

1 1 "-jBMUfrHff 

1 2 -afrsdaBH?- 

2 0-<3O' 
2 1 -jBfiFlHMI?- 
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30- 
3 1 • 
32- 

3 3- 
34- 

4 1 • 



(9) 
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* 4 2-^-T^fflfiS 
5 0 -VffitBAff 
5 l-Un-^OftfjSS 
5 2 »•« *itt£RftH« 

5 3 -mf^memsm 




[03] 



[14] 



17] 




(a) 



(b) 
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(a) 




3B«saRia* 



(b> 




Ca) 



1 4A, i 



areata 



! 



I ! 50 



51a 



'I 511 

Je'J 

r* 



••*t-v 

AAAa-** 



fi&ft8B)fc?3A 



(b) 



mat 



ft 



CH8] 
(a) 
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[09] 





